Summarv An inflammatory reaction is regularly noticed in irradiated tissues following photodnamic therapy (PDT). This observation is potentially associated with leucocyte-mediated tissue damage. which might further contribute to the tumoricidal effect of this therapy. The 
Selective tumour necrosis occurs upon photodynamic therapy (PDT) through various pathways involving toxic reactive oxygen species. Therapy with the most commonly used photosensitiser Photofrin induces, in particular, damage to tumour microvasculature, cell membranes and mitochondria, resulting in both blood flow stasis and tumour cell death (Henderson and Dougherty, 1992) . The early vascular shutdown associated with delayed tumour cell damage suggests that ischaemia-related cell death plays a major role in tumour destruction induced by PDT. An inflammatory reaction with gross oedema and erythema is early observed in illuminated tissue following PDT (Meyer-Betz. 1913; Dougherty et al., 1990) . This may be mediated by inflammatory mediators released from mast cells and macrophages (Kerdel et al., 1987) , and direct damage to the endothelium, which is highly susceptible to PDT (Gomer et alt, 1988; .
Thus an inflammatory response might contribute to the tumour necrosis upon PDT.
The adhesion of neutrophil leucocytes to the microvascular endothelium in response to various noxious stimuli is an initial event in acute inflammatory response and a prerequisite for subsequent leucocyte emigration at sites of inflammation. This interaction between leucocytes and the endothelium is mediated by a repertoire of inducible molecules presented on the membrane of both leucocytes and the endothelial cell (Springer, 1994 (Lim et al., 1985) . In a recent study, Fingar et al. (1992) reported that PDT induces leucocyte adherence in microvessels of the rat cremaster muscle. Oxygen radicals as mostly released indirectly by the xanthine oxidase pathway upon PDT (Athar et al., 1989) potentially induce leucocyte adherence (Patel et al., 1991) . It seems therefore likely that leucocytes contribute to the tumoricidal mechanisms of PDT.
In contrast, recent publications raised evidence that leucocyte-endothelium interaction is diminished in tumours and can only be slightly modulated by mediators inducing the expression of adhesion molecules (Ohkubo et al., 1991 > Wu et al., 1992 or by irradiation (Wu et al., 1994 (Endrich et al.. 1980; Asaishi et al., 1981 PDT and experimental groups Before injection of the photosensiser animals were randomly assigned to five groups: controls (n = 6), Photofrin only (n = 6), laser light only (100 J cm' n =6), PDT (1OJ cm-2; n = 6), and PDT (100J cm-2; n = 6). The photo- Vessel dianeters and wall shear rate As shown in Table I , diameters of the tumour microvessels studied were below diameters of post-capillary and colecting venules of normal tissue (P<0.01). Treatment did not provoke any changes in vessel diameters. Rolling and adhesion of leucocytes is partly ifluenced by the wall shear rate. Therefore, this parameter was calculated from diameters of individual vessels and red blood cell velocity, and is depited in Figures 6 and 7 . Under baseline conditions, wall shear rate was smilar in tumour (73.9 ± 16.2 s-') and normal tissue rovessels of the A-Mel-3 tumour before and 5 min, 30 min, 1 h and 3 h after therapy. Bars represent the following groups: controls (EO, n = 6), Photofrin alone ( n = 6), laser light alone (100Jcm-2, , n=6), PDT with loJcm-2 (In n = 6), PDT with 100 J cm-2 ( _, n = 6). Following PDT with 100 J cm 2, red blood cell velocity decreased to a standstill. Means ± s.e.m.; *P < 0.05, **P < 0.01 vs saline-treated controls. ;.u min 1 n Time after treatment Fugwe 3 Number of adherent leucocytes per mm2 of endothelial surface in post-capillary and collecting venules of striated muscle before and 5 min, 30 min, I h and 3 h after therapy with Photofin alone ( M, n = 6), laser light alone (1001Jcm2, n = 6), PDT with 10 J cm-2( m n = 6), PDT with l00 J cm-2 ( _ , n = 6), as well as in saline-treated controls ( El, n = 6).
Means ± s.e.m.; *P<0.05, **P<O0.0 vs saline-treated controls. Photofrin alone ( n = 6).
laser light alone (100 J cm-. M. n =6). PDT with 10 J cm-2 ( E n = 6), PDT with I00 J cm-' ( M n = 6). as well as controls ( [I . n = 6).
Means ± s.e.m.
rolling leucocytes was omitted to avoid the 8-fold higher light exposure necessary for this measurement. Rolling of leucocytes regularly precedes their adherence, to generate their destructive potential tight adherence is necessary (Springer, 1994) . The results obtained in the control group treated with Photofrin prove that fluorescence microscopy did not affect our measured patameters.
Effects on normal tissue In normal tissue, rolling and adhesion of leucocytes are almost exclusively found in post-capillary venules and collecting venules (Atherton and Born, 1972; Nolte et al., 1991) which are the sites of leucocyte emigration, whereas little or no such activity is observed in arterioles (Ley and Gaehtgens, 1991). Our results obtained in normal microcirculation are in agreement with findings from a study by Fingar et al. (1992) demonstrating a marked increase in leucocyte adhesion to venules of the rat cremaster muscle following PDT. This study also suggested that leucocyte adhesion is not involved in the observed increase of vascular permeability after PDT, because pretreatment with indomethacin inhibited albumin extravasation, but did not change the number of adherent leucocytes. These results may be specific for the normal rat cremaster muscle preparation exposed to high doses of Photofrin (10-25 mg kg-'), not used clinically.
The first signs of response to PDT are oedema and erythema formation whenever skin is contained in the treatment field (Henderson and Dougherty. 1992) . A release of inflammatory and immune mediators has been observed following PDT, namely eicosanoids from tumour cells and vascular endothelium (Henderson and Donovan, 1989) , and histamine (Kerdel et al., 1987) 1129 tially inhibited by prostanoid antagonists (Reed et al., 1991; Fingar et al., 1993) . An immune response is also suggted by the observed infiltration of PDT-treated tissue with lymphocytes, plasma cells and histiocytes (Shumaker and Hetzel, 1987) .
The interaction between leucocytes and endotheial cells follows a multistep process mediated by specific adhesion receptor molcules (Springer, 1994 (Patel et al., 1991) . GMP-140, also known as P-seectin, is stored preformed in the Weibel-Palade bodies of endothelial cells and rapidly mobiised to the plasma membrane upon activation. Rolling of leucocytes is considered to be a prerequisite for leucocyte adherence (Springer, 1994) (Kuzu et al., 1993) . In contrast, Renard et al. (1994) have found an increased expression of E-selectin on the endothelium of human melanomas and sarcomas after regional treatment with IFN-7 and TNF-a, which was associated with neutrophil accumulation and inflammation in tumour tissue. These observations suggest a remarkable inter-tumour variability of the properties of tumour endothelium. In addition, the stimuli required for the expression of adhesion molecules may differ between the endothelium of normal tissue and tumours.
In conchlsion, the current study has shown that tumour destruction induced by PDT is not mediated by leucocyte-endothelium intraction in the tumour. In normal tissue, the observed increase in the number of adherent leucocytes may contribute to the inflammatory reaction. The different reactivity to the stimulation by PDT may be explained by a different maturational state of the neoplastic microvascular endothelial cells.
